The anisotropic nearest-neighbour Heisenberg model for the simple cubic lattice has been investigated by interpolating the anisotropy between the Ising and isotropic Heisenberg limits via general spin high-temperature series expansions of the zero-field suspectibility. This is done by estimating the critical temperature (7V 3> ) and the susceptibility exponent y from the analysis of the series by the Ratio and Pade approximants methods. It is noted that 7V 3) varies with anisotropy while y is almost the same for the anisotropic system, and a jump in it occurs for the isotropic case in agreement with the universality hypothesis. The effect of anisotropy on the susceptibility is also shown. Further, it is seen that estimates of y for the two extreme limits agree well with those of previous theoretical as well as experimental investigations. In addition, critical temperatures have been summarised in a relation, and expressions for the magnetisation have been derived.
Introduction
Critical indices (exponents) of the various physical quantities describe the nature and strength of their singularities and are, therefore, key parameters in characterising critical point phenomena. Because of this fact many investigations concerning the critical phenomena, both experimental and theoretical, have centred on the determination of the exponents. The determination of the exponents has also been motivated to confirm or to disprove the scaling and universality hypotheses 2 . The Ising and Heisenberg models have, in particular, been chosen for such investigations because of their relevance to real ferro-and antiferromagnets, and also because they can be viewed as mathematically simple and physically very general forms of a classical and quantum mechanical many body problem. The series expansion method has proven to be the most fruitful technique to determine the various critical exponents for both the models on different lattices.
In both the models the occurence of a phase transition is closely connected with the existence of spontaneous magnetisation. In the Ising model the onedimensional (1-d) lattice does not exhibit a phase transition 3 but the two-and three-dimensional 8 . Because of this fact much attention has been paid to the critical behaviour of 3-d Ising and Heisenberg models. It has been found [9] [10] [11] that the critical exponents are the same for all 3-d lattices in agreement with the universality belief.
Further, considerable efforts have been made in the last ten years to see the effect of change in the symmetry of the order parameter (change from an Ising to an isotropic Heisenberg system) on the critical behaviour. Dalton and Wood 12 have investigated the anisotropic nearest-neighour (nn) Heisenberg model by analysing high-temperature series (HTS) of five terms for the zero field susceptibility for spin 1/2 by the Pade approximant method. Similar investigations have been presented by Jou and Chen 13 for spin 1/2 using seven terms series, and by Wood and Fox 14 for 5 = 1/2, 1 and 3/2 using six terms series. These workers have interpolated, with anisotropy, between the Ising and Heisenberg limits and concluded that the susceptibility exponent y for 3-d cubic (bcc and fee) lattices remains Ising like in the presence of anisotropy and increases discontinuously in the isotropic Heisenberg limit. This is in agreement with the conclusion drawn by Jasnow and Wortis 15 by analysing eight terms series of different physical quantities for the S = oc anisotropic nn Heisenberg model for 3-d fee lattice. In an investigation for the simple cubic (sc) lattice by Obokata et al. 16 for spin 1/2 no clear conclusion has been drawn. Hence we have investigated the anisotropic nn Heisenberg model for sc lattice by analysing general spin HTS 1 ' of six terms of the zero-field susceptibility. This is done by estimating the critical parameters by both the Ratio-and Pade-methods for comparison. These are discussed in the light of existing investigations. In addition transition temperatures are summarised in a relation, and expressions for the magnetisation are derived. The effect of anisotropy on the susceptibility is also shown.
Theoretical Details and Results

High Temperature Zero-Field Susceptibility Series
The anisotropic Heisenberg spin Hamiltonian 17 for the present investigation may be given in the form n = -2 / 2 {sb sj2+2 >i (SiX sjx+siy Sjy)} ij
where ij is the anisotropy parameter and the other symbols have their usual meaning. The Ising and isotropic Heisenberg models correspond to f] = 0 and t] = 0.5 respectively. The expansion of the zero field susceptibility y0, corresponding to (1), can be written in the form 17 Table 1 .
Estimation of the Critical Temperature and Exponent
( a ) P a d e Approximant (PA) method : This is a very powerful method 18 to estimate the critical parameters from the truncated series. The at K = Kc. These are presented in Table 3 Table 4 . The uncertainty limits, which are somewhat subjective, are also given in Table 4 .
(b) Ratio Method: The estimates of are made by plotting square roots of the ratios of alternate coefficients as a function of l/n and extrapolating for n = oo. This procedure 18 removes the antiferromagnetic singularities (causing oscillations in the ratios of the successive coefficients) and gives reliable estimates for all rj (0 ^ rj ^ 0.5). An example for 5 = 3 is presented in Figure 1 . The critical temperatures, thus estimated, are presented in Table 5 . The estimates of y are made from the sequences of the yn = (rn K^f -l)n + 1 where rn = a"/an_ i. These are also listed in Table 5 . The inverse of Kc as a function of rj for different spins is shown in Figure 2 . Next, k]$T :i j J has been plotted as a function of X for different values of 7/(0 5^7/5^0.5) in Figure 3 . The remarkable feature of Fig. 3 is that 6 s < s+n 
Estimation of /
The presence of interfering singularities prevented us from getting a reliable estimate of % as a function of temperature by the PA method. Therefore the estimation of / as a function of temperature (i.e. K~l) has been made by plotting ^ as a function of 1 jn and extrapolating for n = oo. Results thus obtained for 5 = 3 with 0 5^ >/ ^ 0.5 are shown in Figure 4 . Similar plots can be obtained for other spins.
2.4-Spin-Wave Results for Magnetisation
It is well known that the results of the spin-wave theory are excellent at low temperatures for practical purposes. With this view expressions for the magnetisation, valid for any spin for the sc lattice The magnetisation al low temperature is given by 22
where the integral is over the Brillouin zone, V0 is the volume of a unit cell, d is the dimensionality and 77/, is the wave occupation number. Next, in order to get expressions for ihe magnetisation a set of dynamical equations for the spins were obtained using the ideas of the spin-wave theory and Hamiltonian (1) . The set of linear equations, thus obtained, Avas reduced to an approximate set of linear equations by taking SjZ = S and neglecting terms of the order SuSjy according to the assumptions of the theory. Further, the normal mode (6) where h = u H. In the long wavelength limit Eq. (6) reduces to wk = A+ 12 JS (1 -2 ri) +4 JS rj k 2 a 2 .
Substituting the low temperature approximation to the wave occupation number (n/v. ^ kR TjcOk = l/cok ß) and the long wave length approximation to in (5), we get
Since at low temperatures the shape of the Brillouin zone is not important, the upper limit km may be defined by km = (2 7i/a) (3/4 7i) ,/s . Hence (8) 
Discussion and Conclusions
(i) Figure 2 sohws that KC _1 (i.e. T£") is finite and spin dependent for all values of t] (0 r) ^ 0.5). It decreases as r] increases slowly near the Ising limit and rapidly near the isotropic limit for each spin. The curves are qualitatively similar to the curve for S -oo of the anisotropic nn Heisenberg model for 3-d fee lattice 15 . The cause of this type of variation of the critical temperature with i] is clear from the Hamiltonian (1). It can be seen from (1) that if )/<0.5, the relative probability of the spin to become parallel to the 2 axis is larger than to be in the xy plane. Therefore the critical temperature is higher for smaller 7].
(ii) The behaviour of the exponent y, as varies from the Ising limit towards the isotropic Heisenberg limit, is of special interest. Table 4 shows that y for 5 > 1/2, is Ising like in presence of anisotropy and a jump in it occurs for the isotropic case. A similar trend of y is clear from Table 5 also. The minor anomaly in the ratio estimates of y near the isotropic limit is due to the presence of isotropic behaviour and the short series effects. Thus the behaviour of y(rj) for 5 >1/2, is in agreement with the universality belief in accordance with the previous investigations on the cubic lattices 12-15a . It is remarkable to note that estimates of y from the Pade method are lower than those from the ratio method. This is because of the fact that estimates of Kc by the Pade method are lower than those from the ratio method by upto 0.3 to 2%. However, estimates of y by the ratio method for the Ising and isotropic Heisenberg limits are in good agreement with those obtained from the Pade and ratio methods using longer series 24~26 . Hence, critical parameters from the ratio method seem more reliable for all rj(0 rj 0.5) than those obtained from the Pade method. Equation (4) can be used to locate critical temperatures for any set of 5(1 ^oo) and t] (0 ^ tj ^ 0.5). Although Fig. 2 can be used for the same purpose; its use is limited to those spins which are given in it.
The mean of the experimental values 27 of j'for the 3-d Heisenberg ferromagnets is known to be 1.35 ± 0.04. This is somewhat lower than the present ratio estimate. This difference is due to presence of anisotropy in the compounds. The experimental value 2 ' of y (i.e. 1.24 + 0.03) for 3-d Ising compounds agrees also well with the present estimate.
(iii) Figure 4 shows how the susceptibility % depends upon anisotropy. It is clear that / is very sensitive to large t] (i.e. small anisotropy) at low temperature and less sensitive to it for T (iv) Finally, we wish to mention that expressions, (9), (10) and (If) can be used for practical pur-poses at low temperatures by making use of the relation a = H\/He = 1 -2 i] (where a is the anisotropy which can be determined experimentally, H\ is the anisotropy field and HyA the exchange field).
